Occipital neuralgia is characterized by severe pain, accompanied by tenderness and trigger points, in the distribution of the greater, lesser, and/or third occipital nerves. Occipital neuralgia is typically idiopathic, but also is characterized as a common form of posttraumatic headache. Typical treatments include nerve blocks with local anesthetic, nerve stimulation, pulsed radiofrequency, and cryoablation. OnabotulinumtoxinA (ONA) has recently been utilized in nerve blocks to treat occipital neuralgia, with the potential for a longer duration of pain relief than local anesthetic. Our study retrospectively examined 63 patients treated for occipital neuralgia, including 19 with ONA. 80 -155 units of ONA were administered bilaterally in the surrounding musculature. A total of 61 patients, including 17 of those subsequently treated with ONA, were treated with local anesthetic, using a 1:1 mixture of 0.25% bupivacaine and 1% lidocaine, plus triamcinolone. Patients reported VAS pain scores before and after their procedures, and again during 4-week follow-up visits. Information on opioid use, overall pain relief, and duration of full relief was also recorded upon followup. Patients treated with ONA exhibited significant decreases in average VAS pain scores from 4.1 ± 2.6 pre-procedure to 2.1 ± 2.4 post-procedure (p = 2 × 10 −5 ), and 3.0 ± 2.5 4 weeks later (p = 0.0234). Mean overall relief was 75.8% ± 25.0%. Treatment with local anesthetic suggested equally efficacious reduction of VAS scores; however, treatment with ONA showed a significantly higher percentage of overall pain relief leading to follow-up. Opioid use did not exhibit significant change, regardless of treatment type. Our results support the hypothesis that use of OnabotulinumtoxinA in occipital nerve blocks leads to significant decreases in pain, while possibly exhibiting a longer duration of action than that of local anesthetic.
Introduction
Occipital neuralgia is characterized by unilateral or bilateral pain in the distribution of the greater, lesser, and/or third occipital nerves. The pain is typically severe and shooting, stabbing, or sharp in quality. Tenderness and trigger points in the distribution of the affected nerves are characteristically present [1] . While usually idiopathic, occipital neuralgia is a common form of posttraumatic headache [2] , and is also associated with the elderly population [3] , postoperative complications [4] , vascular compression [5] , and infectious diseases [6] . Anesthetic nerve blocks are used for diagnosis and treatment of occipital neuralgia, but treatments with the potential for longer-term relief, including nerve stimulation [7] , pulsed radiofrequency [8] , cryoablation [9] , C2 ganglion decompression [10] , and botulinum toxin have recently been utilized.
OnabotulinumtoxinA (ONA), commonly known by the brand name Botox, has been utilized in nerve blocks to treat a variety of neuropathic pain syndromes, including chronic migraine [11] . Though its effect on pain is understood to be primarily peripheral, via the decreased release of neurotransmitters [12] , recent evidence supports an additional central mechanism [13] . Studies that specifically examine the use of ONA in treating occipital neuralgia are scarce. A recent literature review discovers insufficient evidence for ONA injection treatment of occipital neuralgia, due to the existence of only two case series studies and three case reports [14] . Past studies of ONA blocks of the greater and/or lesser occipital nerves show significant decreases in pain scores [15] , as well as improvement in some pain types and quality of life measures [16] , but have been limited by small sample sizes. No literature to date has examined a recent, more extensive method of ONA nerve block, in which the 3rd occipital, supraorbital, and auriculotemporal nerves may also be injected, as dependent on the distribution pattern of pain.
We hypothesized that ONA used in occipital nerve blocks would have a significantly longer period of effective pain relief than local anesthetic, while secondarily contributing to a decrease in opioid dosage following treatment.
Methods
63 patients were treated in our pain clinic for occipital neuralgia between September 2013 and June 2015. All patients met International Classification of Headache Disorders (ICHD-III) criteria for occipital neuralgia [1] . Previous treatments included the prescribed use of muscle relaxants, antidepressants, and opioids. Of this treatment group, 61 were initially treated with diagnostic nerve blocks, while the other 2 patients had been previously diagnosed and referred by other physicians in the Mercy Hospital system. Local anesthesia was administered as a 1:1 mixture of 0.25% bupivacaine and 1% lidocaine, plus triamcinolone. Both the greater and lesser occipital nerves were targeted, either unilaterally or bilaterally. If supported by patient presentation and ability to reproduce symptoms, the 3rd occipital, auriculotemporal, and/or supraorbital nerves were also blocked. Following an appropriate diagnostic response, 37 patients repeated 1 -2 more rounds of nerve blocks with the same local anesthetic mixture.
19 of those patients with positive diagnostic blocks progressed to ONA nerve blocks ( Table 1) . ONA was administered bilaterally at 16, 24, or 31 injection sites, with 5 units per level, for a total of 80 -155 units. Sites of administration included the occipitalis, temporalis, trapezius, and cervical paraspinal muscles. Headaches that radiated into the distribution of the supraorbital nerves were further treated with injections into the corrugator, procerus, and frontalis muscles.
Patients were asked to rate their pain upon arrival the day of the procedure, and again immediately following the final injection, using the Visual Analog Scale (VAS) [17] . During follow-up visits, typically 4 weeks after the procedure, patients were asked for a 3rd VAS score, duration of full pain relief (recorded as a length of time, i.e. 2 days of 100% relief), and overall pain relief (typically recorded as a percentage, i.e. 80% overall relief). In addition, updated dosages of patient medication, including opioids, were recorded in each follow-up. All patient data was collected retrospectively from electronic charts.
Data was analyzed for statistical significance using the Real Statistics Resource Pack (release 3.5.3). Mean VAS scores reported pre-procedure were compared to post-procedure and follow-up scores using a 1-tailed paired t-test with alpha (α) level = 0.05 and a confidence interval of 95%. A p value less than 0.05 was considered significant. Overall pain relief of those patients treated with ONA was compared to previous relief from their treatments with local anesthetic using a 2-tailed paired t-test (α = 0.05, CI = 95%). Pain relief following ONA treatment was also compared to the mean relief following the most recent local anesthetic treatments of all patients (regardless of future treatment with ONA) using a 2-tailed 2-sample t-test with unequal variances (α = 0.05, CI = 0.95%). Again, a p value less than 0.05 was considered significant. For each patient reporting a percent pain relief, only the most recent report following each treatment type was used in statistical analysis, to reduce the disparity in number of treatments per patient.
Results
The mean age of the 19 patients treated with ONA was 55.4 years. They reported histories of occipital neuralgia averaging 7.2 ± 9.0 years. Treatment with bupivacaine/lidocaine nerve blocks prior to ONA therapy resulted in a statistically significant decrease in average VAS pain scores from 5.7 ± 2.4 immediately pre-procedure to 1.4 ± 2.0 at the conclusion of the procedure (p = 2 × 10 −11
). At the 4-week follow-up appointments, the mean VAS score had increased to 4.1 ± 2.9 (Figure 1) , but still showed significant improvement from before treatment (p = 5 × 10 −6 ). Mean overall relief upon follow-up was 58.0% ± 20.1% (Figure 2 ). Subsequent treatment with ONA similarly led to significant decreases in VAS scores, both post-procedure and 4 weeks later. Patients exhibited an average change in VAS pain scores from 4.1 ± 2.6 pre-procedure to 2.1 ± 2.4 post-procedure (p = 2 × 10 −5
). The follow-up mean VAS score increased to 3.0 ± 2.5 (p = 0.0234). Mean overall relief was 75.8% ± 25.0%.
The mean age of all 61 patients receiving bupivacaine/lidocaine nerve blocks, regardless of future treatment with ONA, was 49.7 years, with an average history of occipital neuralgia of 7.7 ± 10.3 years. Treatment with bupivacaine/lidocaine resulted in a decrease in mean VAS score from 5.6 ± 2.2 pre-procedure to 1.4 ± 2. ). Mean overall relief was 51.0% ± 33.7%.
A. Ea, T. Gray Comparison of overall pain relief in the 17 patients treated in our clinic with local anesthetic followed by ONA did not show a significant difference between treatments (p = 0.0543). However, when compared to the average pain relief of all patients receiving local anesthetic, treatment with ONA showed a significantly higher percentage of pain relief upon follow-up (p = 0.0126). Insufficient data was available to make a comparison of duration of pain relief following each treatment type.
Five of the 19 patients treated with ONA were prescribed opioids prior to treatment. Of these, one slightly increased her dosage from 52.5 mg to 60 mg (morphine equivalents). The other four remained on the same dosages. 20 of the 61 patients treated with local anesthetic, regardless of future treatment with ONA, were prescribed opioids prior to receiving nerve blocks. One patient decreased his dosage upon follow-up (195 mg to 165 mg), while two others ceased opioid use altogether. The other 17 remained on unchanged dosages. 
Discussion
We describe the significant improvements in VAS scores following nerve blocks with both local anesthetic and ONA for occipital neuralgia ( Table 1, Figure 1) , as well as significantly higher average pain relief percentage following treatment with ONA versus treatment with local anesthetic (Figure 2) . These findings support the hypothesis that treatment with OnabotulinumtoxinA will lead to more pronounced long-term pain relief than local anesthetic. The secondary hypothesis of decreased opioid dosage following treatment is not supported. We retrospectively examined three overlapping groups of patients treated in our clinic for occipital neuralgia: patients treated with ONA (n = 19, hereafter referred to as the ONA group), patients treated with local anesthetic who progressed to ONA in the future (n = 17, pre-ONA group), and all patients treated with local anesthetic, regardless of future treatment (n = 61, local anesthetic group). All three groups exhibited significant decreases in VAS scores, both immediately following treatment and upon follow-up 4 weeks later. While the ONA group reported the lowest mean VAS scores upon follow-up (3.0 ± 2.5), supporting a longer effect on pain reduction, this group similarly demonstrated the lowest pre-procedure scores (4.1 ± 2.6). In fact, comparison of average change of VAS scores after 4 weeks revealed a decrease of −1.6 ± 1.9 in the pre-ONA group, higher that in the ONA (−1.1 ± 2.9) or local anesthetic (−1.1 ± 2.1) groups.
Another method we utilized to examine ONA's effect on pain reduction was to compare overall pain relief upon follow-up in the three groups. We hypothesized that this concept of overall pain relief might sum up the extent of a treatment's success better than a single VAS score, which only measured the patient's immediate discomfort. The ONA group reported the greatest mean relief, but was not significantly higher than the pre-ONA group (p = 0.0543). This was likely influenced by a small sample size, with patient records either unclear on the percentage of pain reduction or expressing this reduction in disparate ways. Only 9 patients reporting a percent pain relief following ONA treatment had previously reported a percent pain relief following treatment with local anesthetic, which was necessary for comparison using a paired t-test. In contrast, comparison between percent pain reduction in ONA versus local anesthetic groups using a 2-sample t-test allowed a greater inclusion of patient responses, and showed a significantly greater reduction in the ONA group (p = 0.0126). We were unable to collect a significant number of patient responses regarding duration of pain relief. Future studies would benefit from a more standardized form of recording changes in patient pain.
Only four changes in patient opioid dosage were noted in our study, providing little support for our secondary hypothesis of decreased opioid use. That this data did not yield significant results was perhaps unsurprising, given the recent decrease in opioid use due to dependence [18] , overdose [19] , and opioid-induced hyperalgesia [20] . A 2007 study examining ONA's effect on occipital neuralgia showed opioid use in all six of its patients [15] ; in contrast, only 21 of 63 patients in this study had received opioid prescriptions, 19 of which were PRN dosages for short-acting relief.
Our study is the second retrospective study to examine the use of OnabotulinumtoxinA in the treatment of occipital neuralgia, and the first to involve 1) blocks of all three occipital nerves bilaterally and 2) repeated injections. It exhibits a large sample size and updated nerve block techniques. A major limitation lies in the inability to compare the effect of repeated injections of ONA, which has been recently suggested to increase duration of efficacy [21] . There is a wide variance in number of treatments per patient, without a sufficient number of repeated ONA treatments to warrant examination at this point. As with any study involving patient-reported data, subjective measurements are unavoidable, and prone to bias. We conclude that the use of OnabotulinumtoxinA in occipital nerve blocks leads to significant decreases in pain, with greater overall pain relief several weeks after treatment suggesting a longer duration of action than that of local anesthetic. Randomized, placebo-controlled, double-blind trials are indicated to further examine the effect of ONA on occipital neuralgia.
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